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(57) Abstract: A novel memory cell is provided with an active 
region including a molecular system and ionic complexes dis- 
tributed in the molecular system. A pair of write electrodes are 
arranged for writing information to the memory cell. The active 
region is responsive to an electric field applied between the pair 
of write electrodes for switching between an on state and an off 
state. The active region has a high impedance in the off and a 
low impedance in the on state. A pair of read electrodes is used 
to detect whether the active region is in the on state or in the off 
state to read the information from the memory cell. Read elec- 
trodes may be made of different materials having different work 
functions to reduce leakage current 




XCID: <WO_02091 49SA2_I_> 



BEST AVAILABLE COPY 



WO02/091495_A2_ 



Published: . ^ republished 

— wfltatf international search report ana iu y 
upon receipt of that report 



ring of each regular xsue of the PCT Oazei 



BNSDOCID <WO_02091495A2_L> 



WO 02/091495 



PCT/US02/14269 



1 



MOLECULAR MEMORY DEVICE 

Related App lications 

This application contains subject matter related to the subject matter 
disclosed in copending U.S. Provisional Patent Application Serial No. 
60/289,056, filed on May 7, 2001, entitled "Electrically Addressable Memory 
5 Switch With Built-in Leakage Current Barrier". 

Field of the Invention 

The invention relates to a memory device, and more particularly to a 
memory device including a molecular system with ionic complexes distributed in 
the system. 

10 Background of the Invention 

Various types of electrically addressable memory devices for computer 
. data storage are known in the art. Most of these devices store a data bit as a 
charge in a capacitor. The charge state can be read out and the output signal used 
to control processes in a computer processor. Most of these devices require 
15 complex silicon processing steps and a dedicated device architecture which 
depends on memory type. 

Memory devices are * distinguished by their speed and data retention 
characteristic. Dynamic random access memory (DRAM) is a volatile memory 
characterized by a destructive read. This means that it is necessary to supply 
20 voltage to the memory bits at all times, or the information will disappear. 
Furthermore, each memory element has associated with it a transistor. Static 
random access memory (SRAM) stores data in a bistable flip-flop, commonly 
consisting of cross-coupled inverters. It is called "static" because it will retain a 
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an electrical field across the device with a predetermined polarity and magnitude 
for a predetermined time. 

It would therefore be desirable to provide a device that has a built-in 
barrier that reduces leakage currents. 

5 Summary of the Invention 

The present invention provides a novel memory cell comprising an active 
region including a molecular system. Ionic complexes may be distributed in the 
molecular system. At least one write electrode applies an electric field to the 
active region to write information to the active region, and at least one read 

10 electrode is provided for reading the information from the active region. 

In accordance with an aspect of the invention, the memory cell may 
includes a pair of write electrodes for writing information to the memory cell, and 
the active region responsive to an electric field applied between the first and 
second write electrodes for switching between an on state and an off state. A pair 

15 of read electrodes detect whether the active region is in the on state or in the off 
state to read the information from the memory cell. 

In accordance with another aspect of the invention, a memory device 
includes a memory cell array composed of multiple memory cells arranged in row 
and column directions. Each memory cell comprises an active region including a 

20 molecular system and ionic complexes distributed in the molecular system, first 
and second write electrodes for applying an electric field to the active region, to 
write information to the memory cell, and first and second read electrodes for 
detecting electrical conductivity of the active region, to read the information from 
the memory cell. 

25 In accordance with another aspect of the invention, a memory cell in a 

memory device including a memory cell array composed of multiple memory 
cells arranged in row and column directions, comprises first and second barrier 
elements arranged in contact with the active region to reduce leakage current 
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by the provision of write and read electrodes adjacent an active region made of a 
molecular ensemble that exhibits a reproducible switching and memory effect 
applicable in macroscopic devices. The material of the active region is a 
composite material system that exhibits structural electronic instability in one 
5 dimension and enables static and dynamic control over the conductivity of such 
molecular systems. The mechanism for the memory and switching effect of these 
cells spears to be related to the structural electronic instability of one- 
dimensional molecular systems and associated with the dissociation of molecules 
and/or displacement of atoms in an external electrical field. 

10 The development of molecular electronics stimulated the more detailed 

research of electrophysical characteristics of thin molecular films which offer new 
physical effects that may result in new technologies for electrical switching and 
memory applications. Although first reported in the 1960's, a generally accepted 
interpretation of such phenomena is still lacking. This is partly due to the non- 

1 5 reproducibility of the results, even when using identical compounds. 

A number of different materials may be used as the molecular composite 
material. Exemplary materials are described below, but are also discussed in an 
article by Yu H. Krieger, entitled, "Structural Instability of One-Dimensional 
Systems As A Physical Principle Underlying The Functioning of Molecular 

20 Electronic Devices", Journal of Structural Chemistry, Vol. 40, No. 4, 1999 (Yu H. 
Krieger), expressly incorporated by reference herein. 

Many molecular memory cells can be made of a one-dimensional 
conductive molecular systems exhibiting structural instability. (Peierls-effect). 
These tend to have an S-shaped (reentrant) voltage-current characteristic with 

25 memory. The impedance of such memory cells can be between -10 MQ and -100 
Q 9 depending on the switching condition. 

There are two predominant types of structural organization of such 
systems. First, these are strands of linear conjugated polymers, which are weakly 
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An exemplary molecular composite that forms part of a simplified 
molecular memory cell (MC) is shown in Figs, la - Id The molecular composite 
includes a quasi-one-dimensional - or at least structurally and electrically 
anisotropic - molecular matrix, wherein ionic complexes are distributed in the 
5 matrix. Polyconjugated compounds, such as the exemplary quasi-one-dimensional 
systems described above, for example, polyphenylacetylene, can be used as the 
anisotropic molecular matrix. The ionic complex can be a salt, such as sodium 
chloride (NaCI), cesium chloride (CsCl), or any other material that can dissociate 
in an applied electric field. The exemplary anisotropic molecular matrix is 
10 dqpicted in Figs. la-Id as consisting of an assembly of chain-like molecules 
oriented perpendicular to the electrode surfaces. However, other orientations of 
those molecules or of anisotropic "channels" are possible as long as a charge 
separation of the type depicted in Figs. 1 a-ld is enabled. 

While not being bound by theory, the following is currently believed by 
15 the inventors to describe the mechanism for the conductivity change of the 
molecular composite material. Electric switching in the molecular thin films 
depicted in Figs. la-Id is characterized by the existence of two stable states, a 
high impedance state (off state) and a low impedance state (on state). The 
impedance of this off state is usually more than -10 MQ. Switching from the to 
20 the on state occurs when an applied electric field exceeds a threshold value. The 
{ impedance of this on state is less than -100 Q. A transition from on state back to 

the off state takes place when the polarity of the electric field is reversed. 

Two modes of the memory cell operation can be identified: the metastable 
mode (Fig. lb) and stable mode (Fig.lc). The stable mode of the memory cell 
25 operation may be characterized by a high threshold voltage level for switching 
between the off state and the on state (in the range of about 3-1 0V), low 
impedance of the on state (less than 100 Q), long switching time (1 ms and more) 
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When an electric field is applied between the write electrodes A and D, the 
ionic NaCl complex dissociates into Na + and CT ions. If the potential at the 
electrode A is positive with respect to the potential at the electrode D, the 
negatively charged CI" ions migrate towards the positive write electrode A, 
5 whereas the positively charged Na + ions migrate towards the negative write 
electrode D. For example, to provide a writing operation, the write electrode A 
may be grounded, whereas a negative potential, e.g. -10 V, may be applied to the 
electrode D. 

The read electrodes B and C as well as the insulators 1 and 2 prevent the ions 
1 0 from actually reaching the write electrodes A and B, which only provide the 
electric field. As a result, as discussed above with reference to Fig. 1, the 
electrical conductivity of the composite material layer 22 increases so that electric 
current can pass between the read electrode B and the read electrode C. This state 
corresponds to the on state of the device 40. 

15 An erasing operation may be provided by applying between the write 

electrode A and the write electrode D an electric field having polarity opposite 
with respect to the polarity of the electric field applied to provide the writing 
operation. During the erasing operation, the device 40 is switched from its 
conducting state (on state) to its non-conducting state ("off' state). For example, 

20 to provide the erasing operation, the write electrode A may be grounded, whereas 
a positive potential, e.g. +10 V, may be supplied to the write electrode D. 

A reading operation maybe provided by measuring the impedance of the 
active layer 22 between the read electrodes B and C. To support the reading 
operation, the electrode B may be grounded, and a small negative potential, e.g. 
25 -0. 1 V may be supplied to the electrode C. 

The device 20 may be a four-terminal memory cell of a memory device 
including a memory cell array composed of multiple memory cells arranged in 
row and column directions, wherein the electrodes A and B can form, for 
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and reverse biased readout configuration. The writing operation, on the other 
hand, is unaffected by the difference in the work function of the readout 
electrodes. 

While the invention has been disclosed in connection with the preferred 
5 embodiments shown and described in detail, various modifications and 

improvements thereon will become readily apparent to those skilled in the ait. 
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9. The memory cell of claim 2, wherein the read electrode is provided 
in contact with the active region. 

10. The memory cell of claim 9, further comprising an insulator 
provided between the read electrode and the write electrode. 

11. The memory cell of claim 2, wherein an ionic complex includes 
ions of Na and CL 

12. The memory cell of claim 2, wherein an ionic complex includes 
ions of Cs and CL 

13. The memory cell of claim 2, wherein the molecular system 
includes a quasi-one-dimensional molecular matrix. 

14. The memory cell of claim 2, wherein the molecular system 
includes a structurally and electrically anisotropic molecular matrix. 

15. "The memory cell of claim 2, wherein the molecular system 
includes a polyconjugated compound. 

16. The memory cell of claim 2, wherein the molecular system 
includes aromatic molecules. 

17. The memory cell of claim 2, wherein the molecular system 
includes heterocyclic molecules. 

18. The memory cell of claim 2, wherein the molecular system 
includes porphyrin. 

19. The memory cell of claim 2, wherein the molecular system 
includes phtalocyanines. 
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27. The memory cell of claim 26, wherein the active region is 
responsive to the applied electric field of a first polarity by switching from the off 
state to the on state to provide writing the information. 

28. The memory cell of claim 27, wherein the active region is 
responsive to an electric field of a second polarity applied between the fiist and 
second write electrodes by switching from the on state to the off state, to provide 
erasing the written information, the second polarity is opposite with respect to the 

5 first polarity. 

29. The memory cell of claim 25, wherein the active region is provided 
in electrical contact with the first and second read electrodes. 

30. The memory cell of claim 29, further comprising a first insulating 
layer provided between the first read electrode and the first write electrode. 

31. ^ The memory cell of claim 30, further comprising a second 
insulating %er provided between the second read, electrode and the second write 
electrode. 

32. A method of storing information using a storage device having an 
active region including a molecular system and ionic complexes distributed in the 
molecular system, the method comprising the steps of: 

applying an electric field of a first polarity between a first pair of 
5 electrodes surrounding the active region, to write information into the storage 
device, and 

detecting electrical conductivity of the active region using a second pair of 
electrodes surrounding the active region, to read the information from the storage 
device. 
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39. The memory device of claim 38, wherein the first and second read 
electrodes are provided in contact with the active region. 

40. The memory device of claim 35, wherein the first and second read 
electrodes are arranged in contact with the active region to reduce leakage 
current. 

41 . The memory device of claim 40, wherein the first read electrode is 
made of material having a first work function, and the second read electrode is 
made of material having a second work function different from the first work 
function. 

42. The memory device of claim 41, wherein the first and second read 
electrodes are made of different metals. 

43. A memory device including a memory cell aitay composed of 
multiple memory cells arranged in row and column directions, each memory cell 
comprising: 

an active region including a molecular system, and 
first and second barrier elements arranged in contact with the active 
region to reduce leakage current 

44. The memory device of claim 43, wherein the active region further 
comprises ionic complexes distributed in the molecular system. 

45. The memory device of claim 43, wherein the first barrier element 
is made of material having a first work function, and the second barrier element is 
made of material having a second work function different from the first work 
function. 

46. The memory device of claim 45, wherein the first and second 
barrier elements are made of different metals. 
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(57) Abstract: A novel memory cell is provided with an ac- 
tive region including a molecular system and ionic complexes 
distributed in the molecular system. A pair of write electrodes 
are arranged for writing information to the memory cell. The 
active region is responsive to an electric field applied between 
the pair of write electrodes for switching between an on state 
and an off state. The active region has a high impedance in the 
off and a low impedance in the on state. A pair of read elec- 
trodes is used to detect whether the active region is in the on 
state or in the off state to read the information from the mem- 
ory cell. Read electrodes may be made of different materials 
having different work functions to reduce leakage current. 
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